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Multiplicity distributions in pp collisions
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KNO scallng in hlgh energy pp data
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Glauber / geometry fluctuations
(PA and AA collisions)

® fluctuations of transverse positions of
valence charges in the colliding nuclel

® fluctuations due to finite probabllity of
Inelastic nucleon-nucleon interaction P(b)



fluctuations of valence partons in | plane
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KNO scaling (even p+Pb approx.; prediction)

for A+B: kap ~ kpp,min(Ts,Tp)
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MC-rcBK, d+Au Vs=0.2 TeV
MC-rcBK, p+p Vs=0.9 TeV
MC-rcBK, p+p Vs=2.36 TeV
~ MC-reBK, p+p Vs=7 TeV
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KNO scaling in p+Pb @ 4.4TeV on linear scale
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need KNO flucs also for d+Au@RHIC
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spectator

The Flow Probe
Idealized Geometry /

spectator

collision zone

é’ontrol

parameters

Actual collision profiles are not smooth Initial Geometry characterized
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Initial eccentricity (and its attendant fluctuations) €_
momentum anisotr ith specific scali erties
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Phenix Collab., arXiv:1105.3928
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Eccentricities €_in Au+Au
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DIPSY MC (Lund) w. fluctuations in BFKL ladders

Results: &5, 23

C. Flensburg: ISMD 2011,
Hiroshima
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Cad Cad Cad P Ml [

DIPSY

compare DIPSY <-----> MC-KLN:
€, Similar, &5 larger

® does DIPSY reproduce KNO in pp, pA ?




Classical YM solutions w/ fluctuating initial

conditions (incl. NBD !)
Schenke, Tribedy, Venugopalan,
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KNO Scaling: Koba, Nielsen, Olesen, NPB 40 (1972) 317

n P(n) = Y(z) is universal (independent of _
energy); Zz=n/n

Note that if k « n, NBD can be written as
nP(n)dz ~ 2" 1e " dz , z=n/n
So, If k=const, this leads to KNO scaling !

fit to pp @ LHC: k/ n~0.16 at2360 GeV
but why Is

1) P(n) a NBD ?

) ken ? )



Gelis, L i, McL :
NBD from MV model

for large nucleus, Al/3 — oo

" 1 0 a + soft YM fields +
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So, why KNO then ?
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KNO scaling emerges If
1) Gaussian action
1) high occupation number

How about
1) gquantum evolution
Il) corrections to Gaussian action ?
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Beyond MV action Dumitru, Jalilian-Marian, E.P.

PRD 2011
S = d’x —1 aH®

1
_|_I{_ (5ab5cd + 6(1061)0! + 5ad5bc) pa,pbpcpd}
4

+ soft YM fields + coupling of soft < hard

® pz ~g2A1/3; K4~g4A

18



Recalculate width k! of mult. distribution
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independent 2-gluon production with MV action
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double gluon production with MV action
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compute k-1 from 2-particle connected diagrams:
Dumitru + E.P. 2012

Q5.1 1 Nt
or k N2—-1 °“NZ-—1

C

MV p4

5_|_...

3>0 makes k bigger,
should be sufficiently small so as not to ruin KNO !

= 0.01 A?3 (from fit to AAMQS dipole)
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Evolution with energy



Fluctuations in evolution ladders:

do (rapidity-enhanced)
guantum fluctuations
satisfy KNO scaling ?

OalX, , (P—k))
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~ 04
0.2 t
4 / IR
0ol S

Quadrupole evolution

1
= FC(t]r VaVIVLV] 2

A.D., Jalilian-Marian, Lappi,
Schenke, Venugopalan:
arXiv:1108.4764

0.2 r

JIMWLK evolution appears
to preserve Gaussianity of
initial MV action !

(more to come)

JIMWLK, Y=0 e
Gaussian, Y=0 -
JIMWLK, Y=5.18
Gaussian, Y=5.18 = — =




Summary

® multiplicity distributions in pp @ LHC exhibit
KNO scaling (n=0, n/n <~ 3)

® can be described by NBD with k «E

® approx. KNO scaling predicted for p+Pb @ LHC
(slight distortion of KNO due to Glauber flucs)

e higher-order eccentricities €, etc. in HIC increase

® theoretical studies of fluctuations:
- constrain magnitude of higher p" operators
- evolution with energy to test validity of Gaussian
approximation from JIMWLK is In progress
with B. Schenke, R. Venugopalan
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Backup Slides



k , -factorization, multiplicity in A+B --> g+X

(generalized) unintegrated gluon distribution:

2 2
w(k,Y;b,A) = Crk / o e TN (r, Y5 b, A)

as(k) ) (2m)
multiplicity:  (Kharzeev, Levin, Nardi ansatz)

dNA—I—B—>g Dt )
dyd2b ZCF/ / ke

+ k — k
Oés(Q)sO(ptz t|,x1)90(|pt2 t|,w2)

e finite at p; —» 0 If UGD does not blow up

® X1 2 = (py/VS) exp (y); Yq,2=log(xo/X1 2)
where Xo=0.01 Is assumed onset of rcBK evol.
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rcBK evolution:

basic “degrees of freedom”: dipole scattering amplitude in fund. rep. (2-point fct)

Np(r.Y:b, A) = Ni tr (1= Vi)V (2))y

C

r =y — %
BK equation (incl. non-linear terms - saturation of scattering amplitude!)

8/\/5;,1/) _ /d2r1 K(r,r1,72) IN(r1,Y) + N(r2,Y) = N(r,Y) = N(ri,Y)N(r2,Y)]

r =17 —TI9o

running-coupling kernel (Balitsky prescription)
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dipole scattering amplitude in Na =2NF - 1% 30
adj. rep.



P(N.,)

result for constant k = —AxLAn AQCD
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energy dependentk ~ E_ %2

MC-rcBK, KNO scaling with k o< (\'s / 900Ge V) 2
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Non-Gaussian initial conditions for high-energy evolution

- Odderon operator —dabcpapbpc/ﬁ;g S. Jeon and R. Venugopalan,
Phys. Rev. D70, 105012 (2004); 71, 125003 (2005)

- Effective action for a system of k ~ NCAl/3 > lvalence quarks in SU(3);
- Random walk of SU(3) color charges in the space of representations (m,n);

- Probability P (m,n) = e~ >

N, 1/N.\? 1/N.\"
S(m.n:k) ~ 22 Co(m.m) — 3 (7) Ca(m.m) + (?) Ca(m,n)

- Casimir operatorCz, Cg, C4ntation (m,n)

- Define color charge per unitarea P = ¢ QG/AZ:E

where Q) = /" = /G

33



Lumpy initial conditions in AA collisions

Gyulassy, Rischke, Zhang:

NPA 613 1997 Pb(160 AGeV)+Pb 3
( ) M. Bleicher et al.: QM97 (Tsukuba)

NPA 638 (1998) p.391
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Npart fluctuations in p+Pb:
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V(z:B) / y(z;p=0)

i f

’can provide fundamental mformatlon “'--..,\_'_

- about couplings in small-x action !
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